Abstract The rheological, pasting, and gel textural properties of corn starch blended with date syrup (DS) or sugar (SG) were studied. The average amylose content of the starch was 27.8%. Corn starch gel is considered elastic since the elastic modulus (G 0 ) was much greater than the viscous modulus (G 00 ). Different effect between DS and SG on corn starch gel was observed, where SG addition and DS replacement experiments exhibited the highest G 0 . The tan d of all samples was in the range of 0.02-0.20 indicating elastic behavior since it is less than unity. The hardness of starch gel ranged from 13 to 146 g and 212-145 for DS replacement and DS addition, respectively. Unlike the replacement experiment, the addition experiment exhibited significant increase in peak viscosity, setback and pasting temperature (p [ 0.05). The magnitude of the effect of DS on corn starch gel was more evident compared to SG. This was apparent by looking at the slopes of the linear regression of the log of G 0 or G 00 versus the log of frequency. Based on the information provided here, date syrup application can expand to cover the baking and beverage industries.
Introduction
The main purpose of adding sugars or other sweeteners to starch or starchy products is to reach certain taste requirements. Studies based on differential scanning calorimetry (DSC) showed that sugars increase starch gelatinization temperature and influence starch pasting properties (Ahmad and Williams 1999; Baek et al. 2004; Chang et al. 2014; Gunaratne et al. 2007; Maaruf et al. 2001; Sopade et al. 2004; Wang et al. 2009; Zhang et al. 2013) . Using many different techniques, researchers proposed a mechanism of the effect of sugars and other polyhydroxy on starch gelatinization. The idea can be summarized in the reduction of water activity, sugar starch interaction, plasticizing effect of water on sugars, and the ability of sugars to restrict starch granules swelling and amylose leaching. All three possibilities are dependent on the type and the concentration of sugars (D'Appolonia 1972; Levine and Slade 1988; Chiotelli et al. 2000; Hoover and Senanayake 1996; Ahmad and Williams 1999) .
Inconsistent information regarding the effect of sugars on starch properties is reported in the literature (Baek et al. 2004; Pongsawatmanit et al. 2007; Chang et al. 2014) . Zhang et al. (2013) reported that sugars increased starch activation energy as a function of increased sugar content, however, decreased the rate constant and delayed starch gelatinization. They also reported that sucrose was more effective than glucose. Kim and walker (1992) reported significant increase in the peak temperature of wheat starch but not the DH. The same authors observed collapse of cakes containing sucrose esters right after removal from the oven because sucrose esters was found to increase starch gelatinization temperature. The effect of sugars on G 0 of starch was ranked as: xylose [ sucrose [ glucose [ control (Chang et al. 2014) .
Tuber starches are known to be different from cereals. Sweet potato, for example, is a native of Africa used mostly in baked products and is a major source of starch. It is used as an ingredient in producing noodles and different sauces. As reported by other researchers, the granule of sweet potato starch range from 3 to 40 lm and contains 17-30% amylose. It has gelatinization temperature between 60 and 70°C and a mixed X-ray diffraction pattern of A-and C-type (Noda et al. 1998 ). Compared to corn starch, sweet potato starch exhibits higher viscosity and paste clarity (Jung et al. 1991) . Although the effect of date syrup and different sugars on the physicochemical and pasting properties of some starches was studied by other researchers (Jung et al. 1991; Chen et al. 2003; Jangchud et al. 2003) , a comparison between the effect of date syrup and sugars on starch was not explicated.
Xanthan gum was reported to increase the G 0 , G 00 , and g * as a function of increase in xanthan gum, while tan d decreased (Choi and Yoo 2009) . The pasting temperature of starch was increased due to date syrup addition, whereas the G 0 was increased only at specific ratio of starch to date syrup (Mohamed and Babucurr 2015) . The same authors suggested that date syrup can be effective in reducing starch retrogradation.
One of the reasons for gelatinization temperature increase in the presence of sugars was reported to be due to penetration of small sugars into the amorphous regions of starch granules instigating complex formation between sugars and starch components (amylose or amylopectin). Obviously, this penetration occurs after heating starch in adequate amount of water (Chiotelli et al. 2000) . Sugars penetration evidence was provided by comparing diffractograms of starch and starch-sugar systems and how sugars cause disorders in the starch granules structure thereby increase the gelatinization temperature (Tomasik et al. 1995; Sikora et al. 1999) .
The elastic (G 0 ) response of starch gel can be attributed to the physical entanglement of neighbouring molecules or to the intermolecular association of amylose chains released from the swollen granules via hydrogen bonding (Miles et al. 1985) . Sudden increase in G 0 was observed during cooling of pure starch gel (no sugar) which reaches the maximum values at 4°C. Nonetheless, corn starchsugar composite showed no significant variations in the pasting temperature but sharp increase in G 0 was observed regardless of the type of sugar or sugar concentration. A drop in G 0 was observed at high sugar concentrations which indicate that the addition of sugars decreased the rate of preliminary conformational organization of amylose during cooling (Evageliou et al. 2000) . The effect of date syrup on the functional properties of starch has been reported in the literature. However, a comparison between the effect of date syrup and sugars on starch gelatinization has not been done to the best of our knowledge. The objective of this work was to determine and compare the effect of date syrup and sugars on the rheological and pasting properties of corn starch. In this work the concentration of glucose/ fructose solutions were selected to mimic sugars concentrations found naturally in date syrup to facilitate for meaningful comparison. The novelty of this work is based on replacing processed sugars with a natural source which can find application in the food industry such as the baking, beverage, and snack industry.
Materials and methods

Materials
The ingredients used in this study were purchased locally. Fresh date syrup (DS) 75% solid content was supplied by (Esten date and fresh date E.st). Glucose and fructose were supplied by Wells Lawrence House (126 Back Church lane, London, EI IFH, UK), whereas Corn starch (27.8% amylose) was donated by ARASCO (Riyadh, Saudi Arabia).
High pressure liquid chromatographic analysis (HPLC)
Glucose and fructose content of the date syrup was determined according to AOAC standard method 16.12 (AOAC 1990) using HPLC system (LC-10A HPLC Series, Shimadzu, Kyoto, Japan) equipped with a refractive index detector (RID-10A) and a UV/Vis detector (SPD-20A) monitored at 210 nm. Sugars analysis was done using Aminex HPX-87H column (300 9 7.8 mm) (Bio-Rad) at 55°C at 0.3 mL/min flow. Isocratic solvent mixture of 0.045 N H 2 SO 4 with 6% acetonitrile solvent (v/v) was designated as the mobile phase. An aliquot of date syrup diluted with 100 mL of distilled water, filtered through 0.45 mm membrane. A volume of 20 lL was injected and the total running time was 10 min.
Blends preparation
Blends were prepared in two ways. A replacement or addition, where portion of the starch was replaced with DS or SG or added to a fixed amount of starch. Sugar solutions were prepared at a ratio of 55:45 glucose: fructose which represents the ratio of glucose to fructose in the date syrup determined by HPLC analysis. The total amount of starch used was 2.8 g for the addition study, but varying amounts were used for the replacement experiment. Blends were prepared at 0, 5, 15, 20, 30 , and 50% DS of the starch weight (14% moisture content). For example, in the replacement experiment the 5% DS or SG is equal to 0.14 g solids of DS or SG in the total weight of 2.8 g and the remaining 2.66 g was starch. Since DS is 75% solids, 0.14 g solids are in 0.187 g of DS. That means for the 5% DS blend, 2.66 g of starch ? 0.187 g of DS. The remaining blends were calculated in the same manner.
Rapid visco analyzer measurements (RVA)
Pasting properties of the blends were determined using a rapid visco analyzer (Newport Scientific, Sydney, Australia). Corn starch/syrup or sugars blends (2.8 g at 14% moisture basis) were directly weighed into aluminum RVA containers and the total weight of 28 g was reached by distilled water. The obtained slurry was held at 50°C for 30 s, heated to 95°C in 4.40 min (at 10.23°C/min) and held at 95°C for 4 min. It was then cooled to 50°C in 2 min (at 22.5°C/min) and held for 2 min. The speed of the paddle was 960 rpm for the first 10 s and then reduced to 160 rpm throughout the rest of the experiment. All measurements were done in three replicates. The pasting parameters were obtained using Thermocline window software supplied by the manufacturer.
Rheological measurements
Dynamic rheology measurements were carried out on starch paste cooked in RVA and tested using DHR-Hybrid Rheometer (TA Instruments, DE, USA). Prior to the shear measurements, a strain-sweep was conducted to determine the linear viscoelastic region. Small amplitude oscillatory shear tests were done over a frequency sweep range of 0.1-100 (rad/s) at 5% strain produced shear storage modulus (G 0 ), loss modulus (G 00 ) and complex viscosity (g * Pa s). The frequency sweep range used here is typically used so that G 0 , G 00 , and g* were within the linear region. The storage modulus represents the non-dissipative element of mechanical properties, whereas the loss modulus symbolizes the dissipative component of mechanical properties of the material. Elastic behavior indicates that G 0 is independent of frequency and greater than G 00 . Materials can be described as solid with perfect elasticity when the phase shift angle (d) is zero, liquid with impeccable viscosity when d = 90, or somewhere in the middle. The phase angle is defined as d = tan -1 (G 00 /G 0 ).
Gel texture
Gels prepared in RVA were used for gel texture parameters determination. The testing was done after transferring gels into 25 mL beakers (35 mm in height) with internal diameters of 30 mm and stored overnight at room temperature. Gels compression using Brookfield CT3 Texture Analyzer (Brookfield Engineering Laboratories, Inc. Middleboro, USA) was performed in two penetration cycles at a speed of 0.5 mm/s to a distance of 10 mm using 12.7 mm wide and 35 mm high cylindrical probe. For every run, gel hardness, springiness, cohesiveness, and adhesiveness were recorded directly from the instrument.
Statistics
Four separate regression equations were obtained consisting of corn starch treatment with DS or SG levels (0, 5, 15, 20, 30, and 50%) . The form of the dependent Y-variable and the form of the independent X-variable are as defined in equation Y = aX ? b, where Y represents the peak viscosity or setback and X is the level of the added or replaced DS or SG. The GLM F-tests for determining peak viscosity or setback equation differences (Y) uses a full model.
Results and discussion HPLC
The HPLC profile of date syrup sugar analysis revealed two distinct peaks at 8.42 and 8.83 min representing glucose and fructose, respectively. Based on the area under the curves, these results can be interpreted as 55 g glucose and 45 g of fructose/100 g of date syrup. Automatically date syrup sugar content can be expressed as 55% glucose and 45% fructose. These results were not significantly different from what Ahmed and Ramaswamy (2006) reported, even though they used specific date varieties and a blend of different varieties was used in the study.
Rapid visco analyzer measurements (RVA)
Based on 55:45 glucose:fructose of DS, sugar solutions were prepared for either replacement or addition experiments. In order to determine the effect of the source of the total solids (starch, date syrup or sugars), this study was done as a replacement of starch or addition. The replacement study was done by simply replacing portion of the starch with DS or SG, whereas the addition studies via adding DS or SG to the fixed amount of starch. This is important because, if we ignore the source of the total solids, the comparison will be meaningless, because starch contributes directly to the viscosity of the gel, unlike the sugars. The RVA profile in Fig. 1a , b illustrates the effect of date syrup (DS) on the peak viscosity (PV) and setback (SB) of corn starch. The theoretical value of PV or SB was calculated according to the percent reduction in starch content when the starch is replaced by date syrup (DS) or sugars (SG). For example, when starch was reduced by 5% it will theoretically reduce the peak viscosity by 5%. In Fig. 1a , b, the profile compares the theoretical value of PV and SB to the actual value obtained from the RVA. The profile showed that the replacement or addition of DS or SG reduced PV and SB below the theoretical profile. Multiple regression equation for predicting PV and SB data is shown in Table 1 . All equations were statistically significant, as were all slope and interaction coefficients for the models (p \ 0.0001), indicating true, non-zero contributions to the prediction equations. Although DS and SG reduced the PV and SB, the reduction in PV and SB in the presence of SG was more apparent. This could be due to the introduction of carboxyl and carbonyl groups which resulted in lower swelling power as reported by (Sandhu et al. 2008) . The actual PV value dropped by threefolds at 50% DS replacement compared to the theoretical value. The SB exhibited similar drop as well. This indicates that the reduction on the amount of starch was not the main cause for the drop on PV or SB; otherwise the theoretical and actual data of the samples with reduced starch content should have been the same or at least similar. Possibly, the effect of DS on the gelatinization temperature and the delay of granules swelling are the cause of the lower PV (Eliasson 1992) . The effect of Sugars (SG) on PV and SB of corn starch was similar to that of the DS (Fig. 1c, d ). In both situations the effect of DS and SG was more intense on the PV than the SB as shown by the slope of the lines representing the actual PV or SB for both DS and SG ( Fig. 1a-d) . Sugary maize was reported to exhibit a broad peak and higher peak temperature compared to common starches, which indicates that gel destruction is slower in sugary than common starches (Singh et al. 2006) . The capacity of DS to reduce starch retrogradation was reported by Mohamed and Babucurr (2015) . Although the sugar content of DS and SG was similar, the data showed that DS was more effective in reducing starch retrogradation. The DS and SG significantly increased the pasting temperature of corn starch by around 15°C (data is not shown). This is consistent with the delay in starch granules swelling theory mentioned above. This theory is based on the ability of additives either to mask starch granules and slow down water penetration or interact with the water molecules and make water less available (Alamri et al. 2013) . It is essential to mention that starch granules structure and compactness could play important role on the effect of DS and SG. Singh et al. (2006) reported that starches low in short chain amylopectin fraction and high amylose content requires more time to reach peak viscosity than those with greater amount of short chain amylopectin. The data reported by the same authors showed that high amylose content is confirmed to reduce swelling power and intrinsic viscosity.
The data presented in Fig. 1a -d reflect the capacity of DS to influence corn starch pasting properties compared to SG at equal total solids content. This data showed that, DS and SG can impact starch pasting properties in a dissimilar way, such as inducing higher peak viscosity. Other researchers looked at the molecular structure in order to explain some starch properties. Swelling power, water holding capacity, and solubility are considered a measure of the degree of interaction between amylose and amylopectin chains within the amorphous and crystalline regions of the granule. Starch swelling occurs concurrently with loss of birefringence and comes before solubilization (Singh et al. 2004) . Water holding capacity is a measure of the degree of availability of water binding sites in the granule and may contribute to the variation among different starches (Singh et al. 2004; Sandhu and Singh 2007) .
Rheological measurements
Starch gels were prepared in RVA then loaded on the DHR-Hybrid Rheometer at 25°C. The illustrative pattern of the storage modulus (G 0 ) plotted as a function of time is indicative of elastic property of the gels. Figure 2a Figure 2a , b represents the partial replacement of starch with DS or SG which illustrates the significant drop on G 0 at higher SG or DS, whereas the 50% replacement showed the lowest G 0 value. Starch dilution with DS or SG can be the cause of the drop in G 0 which resulted in softer less-elastic gel. The effect of DS appeared to be significantly more than SG because SG replacement experiment exhibited gradual G1 drop at higher SG content compared to DS (Fig. 2a) . Unlike 30 and 50% DS replacement, the 20% showed significant G 0 increase (Fig. 2b) . This is a clear indication of the contrasting effect of DS on the elastic properties of the gel compared to SG. The difference between replacement and addition was obvious. The 20% SG addition experiment revealed little effect of SG on G 0 , whereas significant sharp increase on G 0 by the 30 and 50% was detected. Little difference between the influence of 30 and 50% on G 0 was observed (Fig. 2a) . On the other hand, DS addition experiment exhibited no difference in G 0 between the control and 20 and 30% DS (Fig. 2d) . Therefore, this can be considered another confirmation of the diverse elastic behavior of corn starch gel due to DS compared with SG. This is consistent with the RVA data discussed above, where lower peak viscosity and setback were observed due to DS, which is in agreement with the findings of Mohamed and Babucurr (2015) . The change in G 0 can be considered a two steps process, where G 0 increase from 7 to 20 min as the first step and from 20 to 26 min as the second (Fig. 2) . Therefore, the increase in G 0 was slower at the beginning of the experiment, after 20 min a sharp increase was observed. This was true for both DS and SG samples. These results indicate that DS or SG as a replacement has similar effect on the G 0 pattern by virtue of low structural development rate with one exception of the 20% DS replacement experiment. It appears that the similarity on the slow increase on G 0 at the beginning of the experiment is due to the fact that DS and SG limit amylose leaching out during the first steps of starch gelatinization (Willett et al. 1995; Ahmad and Williams 1999) . This is critical because starch gel strength is mostly dependent on the free amylose.
Generally, DS or SG reduced the G 0 especially at higher concentrations. This can be attributed to the increase in amylose content in the continuous phase due to the sugars interaction with the aqueous phase (Alloncle et al. 1989 ). This occurrence indicates thermodynamic incompatibility between starch components (amylose and amylopectin) and DS or SG which commonly leads to co-existing phases; one is less rich in amylose (Dickinson and McClements 1996; Tolstoguzov 1986 ). Therefore, amylose network formation is weakened because of the phase separation. Nonetheless, a balance can be maintained by lowering the temperature of the gel and offset the effect of thermodynamic incompatibility (Bansil 1993; Tromp et al. 1995) .
The effect of DS and SG addition on the gel properties did not exhibit specific order with respect to concentration. Gels with SG demonstrated Slight increase in G 0 of the 50% SG addition, whereas the remaining concentrations followed similar profile as the replacement experiment (Fig. 2c) . Conversely, the addition of DS showed sharp increase in G 0 after 20 min without significant difference between 0, 20 and 30% addition (Fig. 2d) . In this case, the effect of SG seems to be the opposite of DS where all concentrations appear to have similar effect on G 0 until 20 min (Fig. 2c) , but after that the 20 and 30% DS exhibited threefolds increase in G 0 compared to the 50%. The addition of 50% DS gel can be considered soft, whereas 50% SG gels were a lot more elastic due to the higher G 0 (Fig. 2c ). This could be attributed to the possible interaction of DS with amylose causing weaker network and extended phase separation. Such behavior is consistent with previous reports on gels containing incompatible mixtures of food polymers (Abdulmola et al. 2000) . However, no conclusive relationship between gel strength and degree of phase separation can be inferred from this set of data.
In general, the addition of sugars is known to increase gelatinization temperature of starches and limits starch gelatinization as shown by the RVA data discussed above. This phenomenon was observed at the beginning of starch gelatinization, but once the gelatinization starts its progress is identical to that in pure water (Parry and Donald 2002) . In addition, the gelatinization temperature is dependent on the molecular weight or the concentration of the solute which is directly related to starch granules swelling as a precursor to full gelatinization. Although G 0 pattern in starch-gum system was shown to increase at the beginning of the aging process, reached plateau after some storage time (Choi and Yoo 2009) . This signifies the end of the gel structure formation during ageing.
The plot of G 0 and G 00 of corn starch showed that starch gel exhibited elastic property because the magnitude of G was much higher than G 00 . The same behavior was observed when G 0 and G 00 was plotted against frequency showing insignificant frequency dependence. This was not in complete agreement with Singh et al. (2006) because they reported that G 0 and G 00 were depend on frequency, but G 0 was observed to be less dependent on frequency. Both moduli increased with increasing frequency, which is in agreement with literature reports. Starch gels can be considered true gel-like because it exhibits much higher G 0 values than G 00 (Chang et al. 2014 ). The linear regression of the log of G 0 or G 00 versus log of frequency as shown in Eqs. 1 and 2, can be used to calculate n 0 and n 00 or k 0 or k 00 where n is the slope of the line and k is the Y-intercept for both n 0 and n 00 or K 0 and k 00 which represents G 0 or G 00 .
The slope and the Y-intercept of corn starch gels addition and replacement of DS and SG experiment are shown in Table 2 . Overall, the k 0 for samples with DS or SG at all concentrations was much higher than k 00 . For instance, K 0 of the gel containing DS ranged from 4.50 to 6.67, whereas K 00 range 1.63-3.73. In other words, K 0 dropped by 33% and K 00 by 56% relative to the control. Higher DS or SG reduced the k 0 value except for the SG addition samples (Table 1) . These results indicate that the elastic property of corn starch gel is reduced due to DS or SG. Such reduction in elastic property can simply be related to the disruption of the amylose network which is the main architect of the gel formation. These findings were in line with what was discussed above.
The frequency dependence of the complex viscosity (g*) is illustrated in Fig. 3 . Corn starch gels exhibited shear thinning, but samples with DS or SG behaved differently relative to the g* of the control. For both DS and SG, the 15% replacement showed lower shear thinning (higher g*) compared to the control, whereas 30 and 50% presented higher shear thinning than the control. Unlike the 20% DS replacement, the g* of the 20% SG was lower than the control. Once again, the behavior of the starch in the presence of the DS was different from SG according to the data presented in Table 2 , where the K 0 and the K 00 dropped as a function of increase in DS or SG. Conversely, the DS addition experiment showed no difference between the control and the samples regardless of the amount of DS, whereas the K 0 and K 00 were increased (Table 2 ). This data showed the significant difference between the effect of sugars on the rheological properties of starch gels compared to gums, where galactomannan gum have a tendency to increase the K 0 and K 00 as reported by Dong and Yoon (2012) . Even though, DS and SG negatively influenced the G 0 of corn starch gels, the magnitude of their effect was different. These differences between the effect of gums, DS and SG can be attributed to the difference in molecular weight and probabilities of interaction with amylose or water. Obviously, more interaction with water or amylose will reduce starch gel strength thus affecting the G 0 . This was apparent in the data presented in Table 2 .
The tan d of all samples was in the range of 0.02-0.20 indicating elastic behavior since it is less than unity, however, lower tan d (high G 0 ) indicates more elastic starch gel. The high tan d (low G 0 ) is a result of less structured more viscous and softer gels. In Fig. 4 , unlike the replacement, the profile of the addition of DS exhibited lower tan d compared to the control. Therefore, starch replacement reduced the G 0 and the opposite is true. Although tan d increased at lower frequencies but it was leaning toward plateau at higher frequencies (Fig. 4) . For frequencies lower than 15 (rad/s), samples exhibited similar tan d. These variations in tan d were not observed when starch is blended with xanthan gum because xanthan gum tends to have more control over the aqueous component of the blend (Dong and Yoon 2012) . Once again the different effect of DS and SG on the rheological properties of corn starch gel is shown by tan d data. Based on these findings, it is safe to say that adding DS to starch is more effective than replacing starch.
The effect of sugars on starch physicochemical properties was explained by different researchers as the penetration of small sugars into the amorphous regions of starch granules instigating complex formation between sugars and amylose. This will cause delay in starch swelling, amylose leaching, and limit the start of starch gelatinization. Other investigators reported that the effect is attributable to concentration of sugars on the continuous phase of the system (Tomasik et al. 1995; Sikora et al. 1999; Chiotelli et al. 2000) . Regarding the rate of amylose network formation, the addition of sugars caused large decrease in the rate of preliminary conformational organization of amylose network (retrogradation) during cooling, which is corroborated by the decrease in G 0 (Evageliou et al. 2000) . Either of the theories can be used to explain the change in G 0 and the peak viscosity of the starch caused by DS or SG.
Gel texture
The gel hardness of corn starch replaced with DS or SG was lower at higher replacement level (Table 3) . The low hardness is predominantly due to the absence of amylose (less starch) which is consistent with low G 0 . However, linear increase in gel hardness was observed at higher DS addition compared to SG (Table 3 ). This can be attributed to the faster amylose retrogradation in the presence of DS (addition) due to the interaction of DS with the water allowing amylose molecules to come closer and retrograde. Regarding SG, sugars appear to interact with amylose and partially restricted retrogradation. The slope of decrease in hardness for DS or SG replacement was pretty close -2.72 and -2.84 for the DS and SG, respectively, but the addition experiment exhibited 1.87 and -2.52 (the negative slope here because hardness decreased) for DS and SG, respectively (Table 3) .
The gel cohesiveness exhibited higher values only at 50% DS or SG replacement where the slope of increase was 5.39 and 3.21 for DS and SG, respectively. Whereas the addition samples exhibited -2.43 and 3.29 slopes for DS and SG, respectively (Table 3) . Principally, the flow properties of starch gels are dependent on several factors such as the rheological features of the formed amylose network, the volume fraction and the rigidity of the swollen starch granules in addition to the interactions between the dispersed and the continuous phases of the gel, represented here by the DS and SG (Biliaderis 1998) . These factors are dependent on the amylose content and the structure of amylopectin in terms of degree of branching (Yamin et al. 1999) . Doublier et al. (1987) proposed that the main structural restrictions of a starch gel are the deformability of swollen starch particles (amylose and amylopectin) and the amylose concentration in the continuous phase (network). Other researchers reported that the increase in gel hardness of wheat and potato starch could be attributed to the formation of a strong amylose matrix by changing the conformation of the gel-structure and the intermolecular interaction between amylose-amylose molecules. However, decreased gel hardness at a concentration higher than 40% sugars could be attributed to the greater reduction in the leached amylose which reduces the amylose concentration in the continuous phase, thus weakening the gel matrix (Gunaratne et al. 2007; Doublier et al. 1987 ). This behavior of starch gels at high sugar content is true for this work only for SG addition and not for DS as shown in Table 3 . In addition, this was also correct for the reduced values of K 0 except for DS addition (Table 2) .
Conclusion
Date syrup (DS) and sugars (SG) reduced the peak viscosity and the setback of corn starch which could be attributed to the limited starch granules swelling. This effect was more obvious at higher DS and SG. The effect of DS and SG was observed on the properties of the gel, where G 0 dropped significantly at higher sugar or date syrup content, particularly at the 50% replacement. In spite of the difference in testing conditions between RVA and rheometry, both tests indicated interference of DS and SG with starch paste network-formation by limiting amylose capacity to form strong network. The influence of DS on starch pasting properties was more obvious than that of SG, especially the results obtained from the addition experiment. This was apparent in the conclusion of the RVA, rheometry, and texture testing. Changes in tan d values were a good example of the dissimilarities between DS and SG regarding starch pasting and visco-elastic properties.
